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(54) METHOD FOR CHEMICALLY AND MECHANICALLY POLISHING 
SEMICONDUCTOR WAFER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the 
unevenness of the polishing speed at the peripheral 
part of a wafer by making use of the fact that since 
the peripheral part of a wafer deforms in the direction 
of the back surface side, the pressure applied to the 
polishing pad is reduced correspondingly, and the 
deformation of the polishing pad at the periferal part 
of the wafer and the repulsive force caused by it are 
reduced. 

SOLUTION: This method consists of chemically and 
mechanically polishing a semiconductor wafer 26 
which is pressed onto a polishing pad 27 from 
upward through a backing plate 22 and a backing film 
23. In this case, the part constituting the peripheral 

part of the semiconductor wafer 26 reduces the pressing force against the polishing pad 
27 more than the part constituting the inside part of the semiconductor wafer 26 to permit 
to obtain the evenness of the polishing speed at the peripheral part of the semiconductor 
wafer 26. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The chemical mechanical polish approach of the semi-conductor wafer characterized by to 
mitigate the thrust to a scouring pad rather than the part in which the part which corresponds on a 
scouring pad at the semi-conductor wafer periphery section in the chemical mechanical polish 
approach of the semi-conductor wafer which presses a semi-conductor wafer through the back up 
plate and a backing film, and is ground chemically mechanically from the upper part is equivalent to 
the interior of said semi-conductor wafer, and to acquire the homogeneity of the polish in said semi- 
conductor wafer periphery section. 

[Claim 2] The chemical mechanical polish approach of the semi-conductor wafer characterized by 
deleting the back up plate and the backing film of a part equivalent to said semi-conductor wafer 
periphery section in the chemical mechanical polish approach of a semi-conductor wafer according 
to claim 1 , forming the space section, and grinding said semi-conductor wafer. 
[Claim 3] The chemical mechanical polish approach of the semi-conductor wafer characterized by 
the backing film of the part equivalent to said semi-conductor wafer periphery section grinding using 
a backing film thinner than the backing film of the part equivalent to the interior of said semi- 
conductor wafer in the chemical mechanical polish approach of a semi-conductor wafer according to 
claim 1. 

[Claim 4] The chemical mechanical polish approach of the semi-conductor wafer characterized by 
the backing film of the part equivalent to said semi-conductor wafer periphery section grinding using 
a backing film softer than the backing film of the part equivalent to the interior of said semi- 
conductor wafer in the chemical mechanical polish approach of a semi-conductor wafer according to 
claim 1. 

[Claim 5] Said soft backing film is the chemical mechanical polish approach of the semi-conductor 
wafer which is polyurethane with expansion ratio high in the chemical mechanical polish approach 
of a semi-conductor wafer according to claim 4. 

[Claim 6] The chemical mechanical polish approach of the semi-conductor wafer characterized by 
grinding without sticking a backing film only on the part equivalent to the interior of said semi- 
conductor wafer in the chemical mechanical polish approach of a semi-conductor wafer according to 
claim 1 and sticking a backing film on the part equivalent to said semi-conductor wafer periphery 
section. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a semiconductor 
device, and relates to the chemical mechanical polish (CMP is called below Chemical Mechanical 
Polish:) approach especially. 
[0002] 

[Description of the Prior Art] CMP in manufacture of the current usual semiconductor device was 
performed as follows. Drawing 7 is a mimetic diagram explaining this conventional CMP, and the 
top view of the device in which drawing 7 (a) holds a wafer, and drawing 7 (b) are the sectional 
views of the CMP device. A pressure is applied and the semi-conductor wafer (only henceforth a 
wafer) 16 with which a semiconductor device is formed is pushed against a scouring pad 17, and as 
shown in these drawings, rotating in the condition of having been held at the back up plate 12, then, 
a polish slurry is supplied on a scouring pad 17, a semi-conductor wafer front face acts each other 
chemically and mechanically by the scouring pad 1 7 and the polish slurry, and it is ground. 
[0003] Next, the device in which a wafer is held is described. As shown in drawin g 7 (b), the back 
up plate 12 is fixed to the carrier 1 1 used as the parent of the device in which rotate a wafer 16 and a 
pressure is applied, and the backing film 13 is attached to the back up plate 12. The back up plate 12 
is **** which consists of SUS, a ceramic, etc., and has the front face with the outstanding display 
flatness. 

[0004] The backing film 1 3 is an elastic body which consists for example, of foaming polyurethane 
etc., and has the function which raises the homogeneity of polish by making the adhesion of a wafer 
16 increase and carrying out absorption distribution of the impact at the time of polish. The RITENA 
ring 14 prevents that cover the wafer 16 circumference and a wafer 16 separates during polish. The 
clamp ring 15 sandwiches the RITENA ring 14 between a carrier 1 1 and the clamp ring 15, and 
achieves the function to fix. 

[0005] In such the condition, being made to stick to the backing film 13 and being rotated, a 
predetermined pressure is applied, and a wafer 16 is pushed against the scouring pad 17 stuck on the 
surface plate 18, and is ground. 
[0006] 

[Problem(s) to be Solved by the Invention] However, in CMP performed with the above-mentioned 
conventional configuration, an ununiformity with a big polish rate occurs in the periphery section of 
a wafer 16. Drawing 8 is drawing showing signs that the polish rate in the wafer periphery section 
becomes uneven. Here, it is the result of growing up silicon oxide by the chemical-vapor-deposition 
method on a wafer, and grinding it by CMP, and the distance (mm) from the edge of a wafer is 
shown on an axis of abscissa, and the remaining thickness (A) of the silicon oxide after CMP is 
shown on the axis of ordinate. The thickness before polish is 10000A. 

[0007] As shown in drawing 8 , about 2mm of peripheries of a wafer 16 has a very quick polish rate, 
and the remaining thickness after polish is extremely thinner than the wafer 16 interior. Moreover, an 
inside part is immediately understood conversely that a polish rate becomes slow, and the thickness 
after polish is thick, and that effect has reached [ of this periphery ] from the edge of a wafer 1 6 to an 
about 6mm field. 

[0008] Although the cause of the heterogeneity of polish in the these wafers 16 periphery section is 
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not yet clarified, it is thought that the thing as shows drawing 9 will have happened. Namely, at 
periphery section [ of a wafer 16 ] A [refer to drawing 7 (b)], push, a wafer 16 will be made to 
transform a scouring pad 1 7, as shown in drawing 9 , and, as for the outermost periphery, a polish 
rate will become quick by the repulsive force. 

[0009] Moreover, it is thought that the inside will deform so that a scouring pad 17 cannot contact a 
wafer 16 easily. The heterogeneity of the polish in such the wafer 16 periphery section results in 
narrowing the service area of the semi-conductor manufacture in a wafer 1 6, and checks the 
economical efficiency in the mass production of a wafer remarkably, and the problem of making a 
manufacturing cost increase produces it. 

[0010] Since this invention removes the above-mentioned trouble and the wafer periphery section 
deforms in the direction of on the back, the pressure applied to the part scouring pad decreases, 
deformation of the scouring pad in the wafer periphery section and the repulsive force accompanying 
it are mitigated, and it aims at offering the chemical mechanical polish approach of a semi-conductor 
wafer that the heterogeneity of the polish rate in the wafer periphery section can be decreased. 
[0011] 

[Means for Solving the Problem] 

(1) The part which corresponds on a scouring pad at the semi-conductor wafer periphery section in 
the chemical mechanical polish approach of the semi-conductor wafer which presses a semi- 
conductor wafer through the back up plate and a backing film, and is ground chemically 
mechanically from the upper part mitigates the thrust to said scouring pad rather than the part 
equivalent to the interior of said semi-conductor wafer, and acquire the homogeneity of the polish in 
said semi-conductor wafer periphery section. 

[0012] Thus, since the semi-conductor wafer periphery section deforms in the direction of on the 
back, the pressure applied to the part scouring pad decreases, deformation of the scouring pad in the 
semi-conductor wafer periphery section and the repulsive force accompanying it are mitigated, and 
the heterogeneity of the polish rate in the semi-conductor wafer periphery section can be decreased. 

(2) In the chemical mechanical polish approach of the semi-conductor wafer the above-mentioned 
(1) publication, delete the back up plate and the backing film of a part equivalent to said wafer 
periphery section, form the space section, and grind said semi-conductor wafer. 

[0013] Thus, since the back up plate and the backing film of a part equivalent to the wafer periphery 
section are deleted and the space section was formed Since it is lost that the wafer periphery section 
is forced with the back up plate and a backing film and the wafer periphery section deforms in the 
direction of on the back The pressure applied to the part scouring pad decreases, deformation of the 
scouring pad in the wafer periphery section and the repulsive force accompanying it are mitigated, 
and the heterogeneity of the polish rate in the wafer periphery section can be decreased. 
[0014] (3) Make it the backing film of the part equivalent to the semi-conductor wafer periphery 
section grind using a thin backing film in the chemical mechanical polish approach of the semi- 
conductor wafer the above-mentioned (1) publication rather than the backing film of the part 
equivalent to the interior of said semi-conductor wafer. Therefore, in addition to the effectiveness of 
the above (1), processing of the back up plate is not needed. That is, although it is very serious to 
process the back up plate, since the backing film is made of polyur ethane etc. and it can start easily 
with the usual scissors etc., the magnitude of the periphery section etc. has the facilities which can be 
easily changed according to a situation. 

[0015] (4) Make it the backing film of the part equivalent to said semi-conductor wafer periphery 
section grind using a soft backing film in the chemical mechanical polish approach of the semi- 
conductor wafer the above-mentioned (1) publication rather than the backing film of the part 
equivalent to the interior of said semi-conductor wafer. Therefore, since the rear face of the wafer 
periphery section consists of a soft member of a backing film, its force suppressed is small and is 
more deformable than the interior in the direction of a rear face of the wafer periphery section. 
[0016] Therefore, the pressure applied to the part scouring pad decreases, deformation of the 
scouring pad in the wafer periphery section and the repulsive force accompanying it are mitigated, 
and the heterogeneity of the polish rate in the wafer periphery section can be decreased. Moreover, it 
is easy to obtain adhesion with the wafer and backing film in the wafer periphery section. Therefore, 
since the higher adhesion force is acquired, it can respond in the large range to the polish conditions 
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of CMP. 

[0017] (5) In the chemical mechanical polish approach of the semi-conductor wafer the above- 
mentioned (4) publication, said soft backing film is polyurethane with high expansion ratio. Thus, 
although it was the polyurethane same as a member softer than the interior as the periphery section 
of the backing film, since that in which expansion ratio contains many air bubbles highly was used, 
using polyurethane as a backing film, the effectiveness of the above (4) can be done so with an easy 
configuration. 

[0018] (6) Make it grind in the chemical mechanical polish approach of the semi-conductor wafer 
the above-mentioned (1) publication without sticking a backing film only on the part equivalent to 
the interior of a semi-conductor wafer and sticking a backing film on the part equivalent to said 
semi-conductor wafer periphery section. Therefore, in addition to the effectiveness of the above (1), 
a easier configuration can be managed. 
[0019] 

[Embodiment of the Invention] Hereafter, it explains to a detail, referring to a drawing about the 
gestalt of operation of this invention. Drawing 1 is the sectional view of the CMP device which 
shows the 1st example of this invention, the sectional view in which drawing 1 (a) shows the 1st 
mode of that CMP device, the sectional view in which drawing 1 (b) shows the 2nd mode of that 
CMP device, and drawing 2 are the important section expanded sectional views showing actuation of 
that CMP device, and the configuration of the back up plate is improved in this example. 
[0020] these drawings — setting — 21 — a carrier and 22 — for a RITENA ring and 25, as for a wafer 
and 27, a clamp ring and 26 are [ the back up plate and 23 / a backing film and 24 / a scouring pad 
and 28 ] surface plates. This example forms the periphery section of the back up plate lower than the 
interior. 

[0021] **** 22b of the letter of an inclination is formed, and the periphery section may be made to 
become low gradually, as are shown in drawing 1 (a), and **** 22a is formed in the whole periphery 
section, you may make it low so that it may become the same height, and shown in drawing 1 (b). 
Furthermore, the backing film 23 may be stuck on the part made low. In this case, in order to make 
effectiveness the same, the amount which makes the periphery section low is made increased to 
some extent. 

[0022] Thus, since it constituted, as shown in drawing 2 , since the back up plate 22 is low, the rear 
face of the periphery section of a wafer 26 is not suppressed by the scouring pad 27, but the 
periphery section of a wafer 26 deforms in the direction of B. Since the periphery section of a wafer 
26 becomes deformable in the direction of B according to the 1 st example as stated above, the 
pressure applied to the part scouring pad 27 decreases, deformation of the scouring pad 27 in the 
periphery section of a wafer 26 and the repulsive force accompanying it are mitigated, and the 
heterogeneity of the polish rate in the wafer 26 periphery section decreases. 

[0023] Next, the 2nd example of this invention is explained. The sectional view of the CMP device 
in which drawing 3 shows the 2nd example of this invention, and drawing 4 are the important section 
expanded sectional views showing actuation of the CMP device, and the important section expanded 
sectional view in which drawing 4 (a) shows the 1st mode, and drawing 4 (b) are the important 
section expanded sectional views showing the 2nd mode. In this example, thickness of the periphery 
section of a backing film is made thin. 

[0024] these drawings — setting — 31 — a carrier and 32 — for a RITENA ring and 35, as for a wafer 
and 37, a clamp ring and 36 are [ the back up plate and 33 / a backing film and 34 / a scouring pad 
and 38 ] surface plates. In this example, a thing thinner than the interior is stuck for the periphery 
section of a backing film. 

[0025] As shown in drawing 4 (a), even if it prepares thin periphery section 33a in the height same to 
the whole as the backing film 33, you may make it prepare periphery section 33b which becomes 
thin the letter of an inclination in the backing film 33, as shown in drawing 4 (b). Therefore, the rear 
face of the periphery section of a wafer 36 has the force smaller than the interior in which the 
periphery section of a wafer 36 is suppressed by the scouring pad 37 since the periphery sections 33a 
and 33b of the backing film 33 are low, and the periphery section of a wafer 36 deforms in the 
direction of B. 

[0026] Since the wafer 36 is deformable in the direction of B according to the 2nd example as stated 
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above, the pressure applied to the part scouring pad 37 decreases, deformation of the scouring pad 37 
in the wafer 36 periphery section and the repulsive force accompanying it are mitigated, and the 
heterogeneity of the polish rate in the wafer 36 periphery section decreases. Moreover, processing of 
the back up plate 32 is not needed like the 1st example. Although it is very serious to process the 
back up plate, since the backing film is made of polyurethane etc. and it can start easily with the 
usual scissors etc., the magnitude of the periphery section etc. has the facilities which can be easily 
changed according to a situation like this example. 

[0027] Next, the 3rd example of this invention is explained. Drawing 5 is the important section 
expanded sectional view showing actuation of the CMP device which shows the 3rd example of this 
invention. In this example, a thing softer than the interior is stuck for the periphery section of a 
backing film. 

[0028] As shown in this drawing, member 33c softer than the interior is stuck on the periphery 
section of the backing film 33. Although it was the same polyurethane as the quality of the material 
of soft member 33c, that in which expansion ratio contains many air bubbles highly was used. 
Therefore, elastic pressure shrinking percentage is high and ******** i s large also by the same 
pressure. Thus, since it constituted and the rear face of the periphery section of a wafer 36 consists of 
member 33c softer than the interior of the backing film 33 as shown in drawing 5 , the force 
suppressed by the scouring pad 37 is smaller than the interior, and the periphery section of a wafer 
deforms in the direction of B. In addition, in drawing 5 , 32 is the back up plate. 
[0029] Since a wafer 36 becomes deformable in the direction of B according to the 3rd example as 
stated above, the pressure applied to the part scouring pad 37 decreases, deformation of the scouring 
pad 37 in the wafer 36 periphery section and the repulsive force accompanying it are mitigated, and 
the heterogeneity of the polish rate in the wafer 36 periphery section decreases. Moreover, it is easy 
to obtain adhesion with the wafer 36 and the backing film 33 in the wafer 36 periphery section from 
the 2nd example. 

[0030] Therefore, since the adhesion force higher than the case of the 2nd example is acquired, it can 
respond in the large range to the polish conditions of CMP. Next, the 4th example of this invention is 
explained. Drawing 6 is the important section expanded sectional view showing actuation of the 
CMP device which shows the 4th example of this invention. 

[0031] This example forms the space section in the periphery section of a backing film without 
sticking anything. That is, the part which sticks the backing film 33 only on the part equivalent to the 
interior of a wafer, and is equivalent to the periphery section was not stuck, but was made into 33d of 
space sections. It is the same as that of the 2nd example except it, and explanation is omitted. Since 
there is no rear face of 33 backing film of the periphery section of a wafer 36 as shown in this 
drawing, the periphery section of a wafer 36 deforms in the direction of B, without being pressed 
down by the scouring pad 37. 

[0032] Since a wafer 36 becomes deformable in the direction of B according to the 4th example as 
stated above, the pressure applied to the part scouring pad 37 decreases, deformation of the scouring 
pad 37 in the wafer 36 periphery section and the repulsive force accompanying it are mitigated, and 
the heterogeneity of the polish rate in the wafer 36 periphery section decreases. Moreover, the 
adhesion force of the wafer 36 and the backing film 33 in the wafer 36 periphery section is inferior 
to the 2nd example and the 3rd example in this example. 

[0033] However, like the 2nd example and the 3rd example, this example does not need two kinds of 
backing films, but can substitute them for a easier configuration. In addition, this invention is not 
limited to the above-mentioned example, and based on the meaning of this invention, various 
deformation is possible for it and it does not eliminate these from the range of this invention. 
[0034] 

[Effect of the Invention] As mentioned above, according to this invention, the following 
effectiveness can be done so as explained to the detail. 

(1) According to invention according to claim 1, since the periphery section of a wafer deforms in 
the direction of on the back, the pressure applied to the part scouring pad decreases, deformation of 
the scouring pad in the periphery section of a wafer and the repulsive force accompanying it are 
mitigated, and the heterogeneity of the polish rate in the wafer periphery section can be decreased. 
[0035] (2) Since according to invention according to claim 2 the back up plate and the backing film 
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of a part equivalent to the wafer periphery section are deleted and the space section was formed 
Since it is lost that the periphery section of a wafer is forced with the back up plate and a backing 
film and the periphery section of a wafer deforms in the direction of on the back The pressure 
applied to the part scouring pad decreases, deformation of the scouring pad in the wafer periphery 
section and the repulsive force accompanying it are mitigated, and the heterogeneity of the polish 
rate in the wafer periphery section can be decreased. 

[0036] (3) According to invention according to claim 3, in addition to the effectiveness of the above 
(1), don't need processing of the back up plate. That is, although it is very serious to process the back 
up plate, since the backing film is made of polyurethane etc. and it can start easily with the usual 
scissors etc., the magnitude of the periphery section etc. has the facilities which can be easily 
changed according to a situation. 

[0037] (4) According to invention according to claim 4, since the rear face of the periphery section 
of a wafer consists of a soft member of a backing film, its force suppressed is small and is more 
deformable than the interior in the direction of a rear face of the periphery section of a wafer. 
Therefore, since a wafer becomes deformable in the direction of B, the pressure applied to the part 
scouring pad decreases, deformation of the scouring pad in the wafer periphery section and the 
repulsive force accompanying it are mitigated, and the heterogeneity of the polish rate in the wafer 
periphery section can be decreased. 

[0038] Moreover, it is easy to obtain adhesion with the wafer and backing film in the periphery 
section of a wafer. Therefore, since the higher adhesion force is acquired, it can respond in the large 
range to the polish conditions of CMP. 

(5) Although it was the polyurethane same as a member softer than the interior as the periphery 
section of the backing film, since that in which expansion ratio contains many air bubbles highly was 
used according to invention according to claim 5, using polyurethane as a backing film, the 
effectiveness of the above (4) can be done so with an easy configuration. 

[0039] (6) According to invention according to claim 6, in addition to the effectiveness of the above 
(1), a easier configuration can be managed. 

[Translation done.] 
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[Drawing 3] 
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[Drawing 5] 
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[Drawing 8] 



■ « ■ i 1 » » i i i 1 » ■ i i ■ i — i — i t t r ■ i ; i i 




[Drawing 9] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 4/19/2006 



JP, 1.0- 11 3859, A [DRAWINGS] 



Page 4 of 4 



16 



17 



[Translation done.] 



http://v^\vw4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 4/19/2006 




^Searchtfig PAJ 



1/1 



PATENT ABSTRACTS OF JAPAN 

(1 1 ) Publication number : 10-11 3859 

(43) Date of publication of application : 06.05.1998 



(51)lntCI. 



B24B 37/00 
B24B 37/04 
H01L 21/304 



(21) Application number 

(22) Date of filing : 



08-267282 
08.10.1996 



(71) Applicant : OKI ELECTRIC IND CO LTD 

(72) lnventor : SHIMOKAWA MASAAKI 



(54) METHOD FOR CHEMICALLY AND MECHANICALLY POLISHING SEMICONDUCTOR WAFER 
(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the unevenness of the 
polishing speed at the peripheral part of a wafer by making use of the 
fact that since the peripheral part of a wafer deforms in the direction 
of the back surface side, the pressure applied to the polishing pad is 
reduced correspondingly, and the deformation of the polishing pad at 
the periferal part of the wafer and the repulsive force caused by it 
are reduced. 

SOLUTION: This method consists of chemically and mechanically 
polishing a semiconductor wafer 26 which is pressed onto a polishing 
pad 27 from upward through a backing plate 22 and a backing film 23. 
In this case, the part constituting the peripheral part of the 
semiconductor wafer 26 reduces the pressing force against the 
polishing pad 27 more than the part constituting the inside part of 
the semiconductor wafer 26 to permit to obtain the evenness of the 
polishing speed at the peripheral part of the semiconductor wafer 26. 




24 




i „ I 

LEGAL STATUS 

[Date of request for examination] 21.08.2001 

[Date of sending the examiner s decision of rejection] 06.05.2003 

[Kind of final disposal of application other than the 
examiner s decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner s decision of 
rejection] 

[Date of requesting appeal against examiner s 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://www1 9.ipdl.ncipi.go.jp/PA1 /result/detail/main/wAAAP JaqxKDA41 01 1 3859P1 .htm 2006/04/06 



(19)B#Bf#ITlT (J P) 



(12)^1*. 



#^¥10-113859 

(43)^HUB ¥/£l0^(l998) 5J1 6 0 



(51)Int.Cl. ° 
B24B 37/00 
37/04 
H01L 21/304 



321 



F I 

B24B 37/00 
37/04 
H01L 21/304 



321 



B 
E 
M 



m&mx m#m<D$L6 ol (£7H) 



(21)WJgJ#^ 



(22)£HKB 



^¥8-267282 



¥f£8^(l996)l0^ 8 B 



(7l)tHSSA 000000295 

Jfcj^itEi^/P'J l T§ 7 Sl2^ 

02mmm tjh &w 

m^fPit Etfe/ H 1 TS 7 #12^- 
(74)iHMA i#7j< ^ 



(54) [|8BJ§cD£ftO ^-)xA^ft^WI«KliS^ 



(57) CB»] 

W^x^2 6*J¥EELTft*WW*WfcW»«** 

^2 6^H»»c*aa'r *»«*19xa2 6 
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21 :ftU7 

22: >«-r*>y^U-h 

22a : fc* 

22b : Bfltto^i 

23: '<t*>^?<*^» 



24 : UW-fl >r 

25: ??>7'J >^ 
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27 :iW'<r K 
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V 



1 

[fflt#G 2 ] MSB 1 GKO¥4W9x/NO(b^AUi 
f*»#0/Vy*>y7-f;l/^^ MfE¥«S#*x^\rt 

W(*uat^, Bf^-r^cfc^ewwfc-rsw^xyN 

[0 00 1] 

*ffi»C«0, ttfc, {t^«rt»«WPB (C h em i c a 
1 Mechanical Polish: ttT\ C M 

[0 0 0 2] 

CMP ttttTO <fc -5 tCtTo TV^/Co 0 7 tefrfr SfilE3fc<D 
CMP^MtSiSiTSO, 0 7 (a) te^x/N^r 
S&lT£®*$<D¥M0, 07 (b) te^<0CMP*i*8<D 



2 ) ft 1 0- 1 1 3 8 5 9 

2 

l 6(i, ^7+^7b-h l ZfcSSSttfcttffiTlsl 
IteL**^, EE**%]*e>ftT»Ffi/W F 1 7fc*PLtt 

#0**g<*n, ^WW^x/^lHttBfB/^y F 1 7 

[0003] jmc, •jx/^ftjff-rsaiwwcov^T^ 

£o 07 (b) tcgrf<fc3lil, ^xai 6£(H]!E2-£ff 

io ^ijn*£^©sft£&£*^y7 i nc/^7+>^ 

l 3*W^ns 0 

[0 0 0 4] /W*>^:7><;W> 1 3(4. 0U*tfjeiS# 

20 x/m 6*ni*rnTL*-5co^Bft±-rs 0 ^^yy > 

^"1 5tt, Uft-'J 1 4^** U71 i ht^y 
[0 0 0 5] C <D J: -5 %«fi|T?> ^x/n 1 6te, 

^7^;i/Ai 3tcea*^^:^>n. mtes-een&tf 

/*-y F 1 7 fclTLWt 6tlW«*n« 0 
[0 0 0 6] 

/c«^Tlf t)n5 CMP Tli, *x/W6<D*WH 

30 as^*5v^TBff«iifi©**«:^— *^sfe-r«o 0 8& 
^ x/ N^gp ic mi % w^si*** to- t^^m^ 

tt*T?fe0. SHU»Ci>x/NCD»^6<0ffi>i (mm) S\ 
«ll*fcCMPaoS/y=iVtt{kM<DHO»J|C (A) ^ 
LTt^o BFfimKDKJPfcJ: 1 0 0 0 0 ATJSo 
[0 0 0 7] 0 8lC^t~ ^XAl 6<D^J§2m 

/M 6 0i^P) 6mmSjgOpS^cST*3iLTl/^©7b^ 

[0008] cn^x/M 6^gptc^t§, mm<D 

n^)o *T4^^, 9X/M 6cDWSlgPA [07 (b) # 
RS] T^i, -)x/M 6tfIi/WKl 7£\ 09tC^-T 

so nmiftiz. »MStfa<4-3TLS5. 



( 3 ) 

3 

[0 0 0 9] $ft, F 1 7^")xa 

«*»«>«<e«Jt:ft9, *x/>®fljgfcft«-*«»tt* 
*L<K«U £ft, HJfi3Xh*iflin*«*i:^ofc 

[0 0 10] **RBtt, ±ENHjfiE*Nt£U 
[0 0 1 1 ] 

(1) 11;^ F±lc, ±»*0^y*>yyi/-ha 

suie^^^x/Nrtajtcffl^^^gp^cfc^^tuiasf 
jg/w Fic»-r sfflE**e«u Mi2¥*{*^x/Nn 

^>o 

[0 0 12] ccOcfcatc, ¥*f*#x/NflJH«tt«ffi<0 
*tfM'>U **ft9x;^i»t6t«Bfi^7 F<D 

f?5o 30 

(2) ±12 (l) E«o^*f*^XMCO{t*W««WWf 
ffi*J&SU *WB*a«*9x/\«wa|-r*J:3lcLftti 

[0013] ccoj;^^, ^xM^jagp^tBa-rasB^ 

&t>V W * > y 7 * B>J^ 
U ffiBB»**J«*3±3fcLfc©"^ ^x/NjUBSWi 

U*tt&n*cfcfcl:ft<a:tK *x/NfljggWi»ffi®tf 40 
fate ^B^T SOT, fOMfi^y FtciD*6n£JE£i 
*<«'>U ^x/>^JB8Bfc:*tf*W«/Vy Y<OW&, & 

[0 0 14] (3) ±12 (1) EfR©¥#f**x^<D{b 
T*fe«o L/cAbt, ±12 (1) <DJ&Stein*T\ 50 



10-1 13859 

4 

+ h (OtmX^m t L&l/\> "3^D> J^v* 

[0 0 15] (4) ±12 (1) x/N(Dfk 
LftfeO-efeSo LfttfoT. ^x/^jggfl<D3S®&, 

[0 0 16] J;ot, Flcin*.£n3E 

ft, ^X/N$rUaSP£*5tt5* ^X/Nfc/^ + vy?^ 
[0 0 17] (5) ±12 (4) E«©¥#tt*x/\(0{fc; 

mm*Mf&T*±.m (4) fc**-e** 0 
[0018] (e) ±12 ( 1 ) mmv^mfcv ^^<Dit 

(*^XM^gptcffia*rsgp^c«/^y+v^7-<;l/A 

*as^Lftv>-e. wfi-rscfc-jtcLftfeoT&So Lft 

Abt, ±12 (l) <0SSj*£Ad*t. J;0lffi#a«SSJ5lc? 
[0 0 19] 

»is6«sfla*^-rcMP«»(owfffiH"e*?). hi 

(a) J4*OCMP««0*l»«*^-rBfffiBI. 0 1 

(b) tt*©CMP«H»oS2fflt8*^-T»ffiH. 0 2 
tt*© CMP ««<D»ff *^-rBSWK*»ffflB|-C* 0 , 

[0 0 2 0] Cft6<OBfc:*5^T, 2lWt'J7, 2 
2 4fi'Jft-'J>^ 25^^^>yU>y. 2 6« 



V 



( 4 ) 

5 

coo2i] hi (a) icTjk-f&oic 5u«»±#fc* 

ftt^U Hi (b) Icgs-TJ:?^ «$M*<D^F5t 

2 2b*JBritU »«»*3MBK:«<a:«J:dlcLTti 
&</\> Jglc, fg< Lrc$HWcrty*>{fy*>l/J*2 3£r 

[0 0 2 2] COcfcdtc^L/cOT, H2tc*rT£-5 

2 2*M£<&oT^S;fc«>fc:, Bf*/<y F2 7tcf?2*_ 
Wt6*lT*J6-f. *XM2 6©WSSH*B<D#|pUfc:£ 

jg-rso cuiis^fcj;?^ mimmmi^xmt, *x 

»ii/^K2 7fcapjt6n*£E**M*^U 9x^2 
6 0j^JHeBK:**j-SWBI/<y F2 7©I3S, Rtf^tl^ 

ff5fia*^«»*n, ^x/N2 6^eigi5tc^t§wj« 

j£j* <DTO-tt t* «4> t5o 20 
[0 0 2 3] *»^OSB2^Ste09Jc^v^TBiW^ 
5o H3«*^OS2IISfi^J*^CMP«»OBfaa 
H, H4fi*<OCMP»ffi(oaa{t*^SaPfi£^:BfBBH 
T?*0, H4 (a) tt*<D» 1 »«*^-rBSBtt*Wrffi 
H, H4 (b) ti*OS2ffi«*^-rBaptt*BfffiHT 

[0024] cn^oHic&v^T, 3iimy7, 3 

3 4«Uf-^U>^ 3 5tt?7Vyy>^ 3 6« 30 
«>x;\ 3 7tt»fi^yF, 3 8tt^8T?6S 0 COD* 

[0 0 2 5] H4 (a) tcSrT <fc 5 lc> /Vy + >^7-f 
;l/A3 3»c±f*(i:|S|i:B5*tc:»v^jaSP3 3 a«Ri*£ 
cfcSlCLTfc. H4 (b) ICtkT&oIC 

A'y + ^7^M3 3<Dn/ggfl3 3 a, 
3 3 b#W£<4oTl^Sfcifrte. 9XA3 6<D$^MJ3W 40 
fflfi^y F 3 7 tcj? 2*Ott6ft£;frtf rtSP<fc D'h* 
<, 9XA3 6<0^gptiBO^^^JB-rSo 
[0 0 2 6] VL±^rc£olZ, Wi2nffimiC&tll£, 

S/Vy F3 7tcira*&n*ffi*tfiS*J>U 9XA3 6^ 

TO— ttttW^-TS- ^lHffiPOJ;3Jc. My 
*>^U-h 3 2<DftPX£&BfcLfcC\, My*>y 



^F^¥ 1 0- 1 1 3 8 5 9 
6 

[0 0 2 7] ^ic, *»wo«3aE«liffllicov^TBiwr 

So H5tt*»W<0»3*Slt»ll*S-rCMP««l<0«lf^ 
*^"rfigPlfcfc»rffiH-P**o CO^SSMT^i. M«y* 

[0 0 2 8] C<DH^*rf £?tc> ^7^V^7^f;l/A 
3 3€)^«gpic:rtSPJ:Dfeai&*^^8B»3 3 c*&5ftrr 
So *6*^gBf3 3 c<D«®£LTt4, Wi;#U!>l/ 

tc^*r<fe-5^, ^xa3 6 (D^jass^aiBtt. 

*f74)\sK3 3 0rtffi<fc9fc§E5jbM,>gp»3 3 cfr6& 
oTl/^fcablC. ffl*/*y F3 7tC}¥ ^^StlS* 

So ft*5> H5tdfeV^ 3 2^7+V^l/^hT* 

[0 0 2 9] J^±a?^fcJ:3tc, *3*flSffil*c:J:titf. 

^X^3 6&B<D#ftlC^^£%SOT. 

fiMy F3 7£fiP*&tt3JE*#»^U 9XA3 6^ 

v F3 i<ow&, atf^ntcff^s 

^AtfBKSn, 9XA3 6^gB^*5^«Wf»aSO 

to— ttttW*"r*o £2 Effigy £»k ^x^3 

6^ffl8PJc*5ttS, ^x^3 6 £/*y3r>if7 4JV2*3 

3 tommtM^f^o 

[0030] Lfc^oT, m2^mm<o^xoi>i&^ 
fflitiioi/^Tittwrso h 6 4 *sit««^-r 

C M P««0»ff *^-rBWSS*BJfBHT?*So 
[0 0 3 1] co*8B0!l&, /W + V^^Jl/AOflJS 

O^^, ^-v^7-<;i/A3 S^^X/NCDrtSPtCtBS 
■*\ ^HSB3 3 dhLfco *tiW^ttS2H«OTi:ra«l 

3 6 6D^gPOS®ti^ ^y*y^7>f;l/A3 3^^cl^ 
fc*MC, ^x^3 6 0d^JBfflttW«^*y F3 7lC}f^A 

[0 0 3 2] W±^fcJ:5tc, S4HfiBOTU: < *:ntf, 
£x^3 6«BO^f5l^^?gpIffii:^S^T% *(Dftm 
EB'*y F3 7lciO*6n3E;frtf«^U ^x/n3 6^ 
ilgptc^ct^W^^y F3 7<om.&> RZfznfcWofc 

»*^e«*n, ^x^3 6^assrc«5t*s»f«iafi<D 
TO-ttttW^-r^o co^ffiey^, ^2^sa 



( 5 ) 

7 

/n3 6 t'^y*>?7'<Jl>2±3 3 i:0$i*K5o 
[0 0 3 3] L**L***S, CO^SSOTtt, §32f*ifiS 

[0 0 3 4] 

(1) W*^lE«g©»W^J;ntf, *x/><DflJH»tt 
WffiO^lRjJcgflg^SO-e. *<D»»»^y Klein* 6 

[0 0 3 5] (2) ai*ffl2EilO«BBU:«fcntf, *x 

> y "7 ;b A J; o T if U fit" £ n « c i: « a < & 0 . 
Klein* 6n*ffi;btf«^U ^x/v^giUcte 

n, ^x/Nnaw^fe^swafafio^-tt**^* 

[0 0 3 6] (3) «j£3g3ffi«Of8W£<fcft«, ±13 

(i) ostein* t. ^y+yyyi/- hoinx*<8s 
a^»lc*g-?<&Sjb\ ^7+>^7-r;l/^^l/ 30 

[0 0 3 7] (4) tt#S4iB«©RWfc*4ltf, ^x 

0'>£<, ^x^o^iigp^sjs^iRKc^RrftgTS 

T% *<0flW»^.y Kfcin*&ttSffia#«*U *x 

/^H«»c4B»«w*^^y Y<rmY&> at/*ntc^5s 40 

[0 0 3 8] £fc. ^x/NOJUSaHcfcttS. ^x/n£ 



^r^¥ 1 0- 1 1 3 8 5 9 
8 

(5) «l*«58B«o3BMBK:«kntf. 
(4) o»**it*Jii:tfM«o 

[0 0 3 9] ( 6 ) 6 KffiO^lC <fc tlfcf , ±15 

(1) <DS»Sicin*T, *D«i#s»«-e»s«cfc 

[0 1 ] *$m<Dm 1 *«H*fxtcMpa«io(fffia 
[h 2 ] *»woa 1 nmmtt*? cup amoure* 
[03] *»rao»2Si«w**-rcMP«jiiowffiia 
[0 4] 2 siasw*^ c m p mmvmt* 

[0 5] *^<0W3**fflJ*^-rCMP«*O»f^* 

[0 6] *SWB<D*4*SS»J*^'rCMP«fllOl!iff* 

[0 7] «(OCMPa0M§MTS5o 
[08] fiejROCMPfciS^x/N^JBSBfcl^tSW 

[0 9] ^SffiOF^«iit^So 
[ft^Ot&fE] 
2 1,31 +t ] J7 
2 2, 3 2 ^y + ^Vb-h 
2 2a ^19? 
2 2b 

2 3, 3 3 M7 + y^7^;l/A 
2 4, 3 4 »jft-»;^ 
2 5,3 5 ^^yfV 
2 6, 3 6 ^©{*^x/n 
2 7, 3 7 SfflB^y K 

2 8, 3 8 

3 3a /^^*>y7-r;l/A©»i/^JBaB 

33 b /*y*>i?7 << fri*(offimmm<%:z9\>m 

3 3d arasB 



( 6 ) 



1 0- 1 1 3 8 5 9 



[0 1] 



[02] 



(a) 
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22a 
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33c 
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21 : 4- t «J 7 

22: '<»*>^l/-h 
22a : 

22 b : tf*ma>4U* 
23: '<^>/7< /VA 



24 : »Jf-+-'J 

25 : 9?>?V >7* 
28 : «*X/v 

27 : K 
28:Sfi 
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[0 4] 




33a 
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32 
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[0 6] 



33b 
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(b) 
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( 7 ) 



*$B8¥ 10- 1 1 3 8 5 9 
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